POWER SUPPLY INDEPENDENT ALL BIPOLAR START UP CIRCUIT FOR HIGH 

SPEED BIAS GENERATORS 



FIELD OF THE INVENTION 

5 

This invention generally relates to electronic systems and 
in particular it relates to start up circuits for high speed bias 
generators . 

10 

BACKGROUND OF THE INVENTION 

A very important part in the design of operational 
13 amplifiers is the bias generator. Bias generators provide a 
fi reference current that sets the quiescent current for the given 
|S design. Usually bias generators can be independent of supply 
*!: voXtages, so references like Vbe (base to emitter voltage) or Vt 
iJI (threshold voltage) are used. One important part of the design 
of the bias generator is the startup circuitry. Start up 
2p circuits will force the bias generator to operate in the non-zero 
m state. They do this by putting a small current that will force 
fy the circuit to operate and keep it from turning off. 

iH-" In the world of high speed circuits an essential requirement 

25 for bias generators is to be able to tolerate the high frequency 
feed through of the signals that will ripple back from the main 
circuit. The signals that ripple back can cause the bias 
generator current to spike up or to almost turn off. The bias 
generator has to be able to absorb these signals and recover in a 
30 very short amount of time. As soon as the bias generator starts 
to turn off, the start up circuit should catch up bringing the 
bias generator current back to its normal state. The start up 
circuit has to be fast for a very high-speed circuit. What one 
would ambition is a bias generator that could speed up as a 
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result of a fast transient but after that overshoot it never 
undershoots, i.e., a 50-60 degrees of phase margin. This is why 
in high-speed design extra compensation to the bias generator is 
not desirable. 

Figure 1 shows a prior art PTAT bias generator with a high 
speed start up circuit. The start up circuit 20 is always 
providing a current to the bias generator 22, as opposed to "non- 
high speed" start up circuits which are disconnected when they 
are not needed. The reason for having the circuit providing a 
constant start up current is to fulfill the requirement for a 
fast start up circuit when dealing with high-speed signals. One 
thing to keep in mind when designing the startup circuitry is not 
to limit the power supply's voltage range beyond what the core 
circuitry already does. Emitter degeneration resistors R3 are 
usually used to improve the matching of the transistors in the 
start up. Typically, the voltage drop across them is no more 
than 10 Vt where VT=kT/q. For voltage drops larger than 10 Vt the 
improvement achieved is almost insignificant and it starts to 
limit the power supply voltage range. 

Prior art start up circuits such as the one shown in Figure 
1 have the problem of being power supply dependent. The start up 
reference current in transistor Q2 will be determined by the 
difference in voltage between the power supplies Vcc and Vee 
minus one diode drop across transistor Ql divided by a set of 
resistors Rl and R4 (Rl-}-R4, of which R4 usually dominates) . This 
is imposed into the base of transistor Q2 setting the start up 
current. Notice how the start up current will also be power 
supply dependent. This can be a problem on a wide supply voltage 
application. If the start up current becomes large it will 
introduce a substantial error in the reference current as a 
result of the impedance drop in the PNP mirrors 24 and 26. This 
error will affect the currents throughout the whole circuit and 
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increase the power consumption. On the other hand^ if it gets too 
small it will fail to keep the bias generator from recovering 
fast after a fast transition ripples back to it nearly turning it 
off. 

5 
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SUMMARY OF THE INVENTION 



A start up circuit includes: a diode; a first transistor 
coupled in series with the diode; a first resistor coupled in 
series with the transistor; a second transistor having a control 
node coupled to a control node of the first transistor and coupled 
to a node between the first transistor and the first resistor; and 
a second resistor coupled in series with the second transistor 
such that a current in the second transistor is independent of a 
voltage applied across the diode, the first transistor, and the 
first resistor. 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings : 

FIG. 1 is a schematic circuit diagram of a prior art bias 
generator with a high speed start up circuit; 

FIG. 2 is a schematic circuit diagram of a preferred 
embodiment bias generator with a high speed, power supply 
independent, start up circuit. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



The preferred embodiment start up circuit is shown in Figure 
2. The circuit of Figure 2 includes transistors Q0-Q8; resistors 
R2-R6; supply voltages Vcc and Vee; and output bias voltage Vbias. 

This circuit provides a way of creating a start up current 
independent of power supplies by fixing its reference without 
having too large a voltage drop across the emitter degeneration 
resistors R3. The preferred embodiment start up circuit is supply 
independent, fast, and has as low of head room requirements as the 
prior art. 

For the prior art circuit shown in Figure 1, the reference 
current Ibias is determined by: 



hias ~ 



_F^*lii(4) 



Rs 



This equation ignores the error introduced by the start up circuit 
20. The start up circuit 20 lowers the equivalent output 
impedance at the collector of transistor Q5, which causes a small 
error making the bias current Ibias slightly larger than what is 
predicted by the above equation. As can be seen, the reference 
current Ibias is independent of the power supplies. The problem is 
that the start up circuit 20 is not, and as stated before, it will 
influence the bias current Ibias- The reference current of the 
startup circuit 20 (the current through resistor R4) when ignoring 
base current error, is set up by 

J _ ^ cc^ ^ ee ^ be\ 

ref _ start _ up 



Where Vbei is the voltage across transistor Ql . Usually resistor R4 
is large enough that it dominates over resistor Rl . Now the 
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equation for the start up current (the current through transistor 
Q2) is as follows: 

(I R ~T 



start _ up ^ ref _ start 



■ ref _ start _up 
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The above equation shows that the current through the collector of 
transistor Q2 (the start up current Istart_up) is dependent on , the 
power supply^ since it depends on Iref_start_up- As mentioned before, 
this case can adversely affect the bias current Ibias- One 
possible solution would be to substitute a diode for transistor 
Rl, fixing the voltage drop to one Vbe- However, this change by 
itself will not do the job, and will introduce a big problem. If 
a diode is put where resistor Rl is, a voltage Vbe will be put 
across resistor R3. This will unbalance the circuit creating a 
larger current through one side and a huge start up current. The 
start up current cannot be larger than the bias current or it will 
affect the whole bias circuit. 

Looking at the preferred embodiment solution shown in Figure 
2, it can be seen that resistor Rl has been substituted by a diode 
QO, but also there is added a resistor R2 . The diode QO serves as 
a constant voltage drop device that provides a voltage drop 
independent of the voltage supply fluctuations. Solving for the 
start up current: 



start _ up 



V *ln 

*^ be_gO ^ ^ T 
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ref _ start _up 
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^ bias ^3 


^ ^ start _up 




J 
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Where Vbe_qo is the voltage drop across diode QO . The above 
equation is a transcendental equation. Notice though that 



Iref_start_up Can be Set up' to a value very close to Istart_up 
closer this ratio ( Iref_start_up/lstart_up) is to one. 
In (Iref_start_up/l3tart_up) is to zero . Then the start 



The 



the closer 
up current 
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becomes : 



^ start _up ~ ^be^QQ hias *^3)/^2 



Ibias'^Ra is usually chosen to be around 0.2V. 
then: 

= (Vte.QO -0.2)1 R, 



I 



Start _ up 



If this is the case 



Where, 



fic] 



In this case, Ic is equal to Iref_start_up, which for Figure 2 is 
defined by the following equation. 



V +V 



V -V 

bel ^ beO 



ref _ start _up 



Now an explanation is presented on how to set up the circuit. 
First of all, the bias current should be set up. Then choose the 
value of resistor R4 to obtain the desired start up reference 
current. Remember to have the start up current and the reference 
start up current to be the same value. It is a good practice to 
make the startup current around 25% of the bias current. 
Resistors R3 are emitter degeneration resistors used to improve 
the matching of transistors Q3 and Q4 . Usually they are chosen 
such that the voltage drop across them is around 10 VT (from 0.2 
to .25 V) . The improvement in matching is insignificant for 
voltage drops larger than that. The start up current should be 
similar to the reference start up current so that resistor R2 can 
be determined by solving the start up current equation shown 
below: 
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The preferred embodiment solution provides a very fast start 
up circuit, all bipolar that is power supply independent and that 
does not take any unnecessary headroom. It is also very simple to 
set up and a definite improvement over previous start up circuits. 

5 

While this invention has been described with reference to an 
illustrative embodiment, this description is not intended to be 
construed in a limiting sense. Various modifications and 
combinations of the illustrative embodiment, as well as other 
10 embodiments of the invention, will be apparent to persons skilled 
in the art upon reference to the description. It is therefore 
intended that the appended claims encompass any such modifications 
or embodiments. 
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